Diastolic dysfunction is usually identified by the combination of characteristic mitral and pulmonary vein flow patterns. However, obtaining a complete set of echocardiographic parameters can be technically difficult and data may conflict. We hypothesized that, as a stand alone variable, diastolic (ventricular diastole) dominant pulmonary vein flow predicts heart failure (HF) hospitalizations and cardiovascular (CV) death. Standard transthoracic echocardiograms were performed in 906 participants from the Heart and Soul Study, a prospective study of the effects of depression on coronary heart disease. Pulmonary vein flow pattern was determined by the dominant velocity time integral. Cardiac events were determined by two independent adjudicators and Cox proportional hazards models were used. Systolic dominant pulmonary vein flow was present in 89% of the participants, and diastolic dominant in the remaining 11%. During an average 4.1 years of followup, participants with diastolic dominant pulmonary vein flow had a 25% rate of HF hospitalization and 9% rate of CV death. After multivariate adjustment including left ventricular ejection fraction, diastolic pulmonary vein flow was associated with a three-fold risk for HF hospitalization (p=0.001) and a two-fold risk for HF hospitalization or death (p=0.004). In conclusion, diastolic dominant pulmonary vein flow pattern is a stand alone predictor of adverse cardiac events and its presence is associated with significantly higher rates of HF hospitalizations and CV death.
INTRODUCTION
Normal pulmonary vein flow pattern in middle age and beyond is systolic (ventricular systole) dominant. 1,2 Although diastolic dominant pulmonary vein flow pattern has been validated as diagnostic of increased LV filling pressures, 3-5 its prognostic significance as an independent variable has not been evaluated. In addition, some studies have found that pulmonary vein flow pattern may not correlate well with LV filling pressures in patients with preserved LV ejection fraction. 6,7 To further define the value of pulmonary vein flow, we examined these flow patterns in ambulatory patients with coronary heart disease and hypothesized that diastolic dominant pulmonary vein flow is a stand alone echocardiographic parameter that independently predicts heart failure (HF) hospitalization and cardiovascular (CV) death.
METHODS
Participants were enrolled in the Heart and Soul Study, a prospective cohort study investigating the influence of psychosocial factors on cardiovascular events. Methods have been described previously. 8 Administrative databases were used to identify outpatients with documented coronary artery disease at two Department of Veterans Affairs (VA) medical center databases (San Francisco and Palo Alto, California), one University-based medical center (University of California Medical Center-San Francisco), and 9 public health clinics in the Community Health Network of San Francisco, California. Criteria for enrollment included one of the following: (1) history of myocardial infarction (MI); (2) angiographic evidence of at least 50% stenosis in at least one coronary vessel; (3) evidence of exercise-induced ischemia by treadmill electrocardiogram or stress nuclear perfusion imaging; (4) or history of coronary revascularization. Participants were excluded if they deemed themselves unable to walk one block, had an acute coronary syndrome in the prior 6 months, or were planning to move out of the local area within 3 years.
The study protocol was approved by the institutional review boards at each of the participating sites, and all participants provided written informed consent.
We performed echocardiography in the standard left lateral recumbent and supine positions with a commercially available ultrasound system with harmonic imaging (Acuson Sequoia, Siemens Corp, Mountain View, California). From the standard apical four-chamber view, pulse-wave Doppler signal of the right superior pulmonary vein was obtained according to guidelines of the American Society of Echocardiography. 9 The pulmonary vein flow was first visualized using color Doppler at a low velocity scale (< 40 cm/s). 9 Using a small sample volume and low wall filter, the pulmonary vein flow velocity was recorded with pulse-wave Doppler. (Figure 1 ) Maximum velocity time integral was used to determine flow pattern dominance. We excluded participants with non-sinus rhythm, non-native valves, at least moderate mitral or aortic regurgitation, and technically difficult pulmonary vein Doppler signal.
Prespecified end-points included all-cause mortality, incident hospitalization for heart failure, and death from heart disease during follow-up. We conducted annual telephone follow-up interviews with participants (or their proxy) to ask about death or hospitalization for "heart trouble." For any reported event, medical records, EKGs, death certificates, and coroner's reports were retrieved and reviewed by two independent and blinded adjudicators. If the adjudicators agreed on the outcome classification, their classification was binding. In the event of disagreement, the adjudicators conferred, reconsidered their classification, and requested consultation from a third blinded adjudicator.
All-cause mortality was determined by review of death certificates. Myocardial infarction (MI) was defined using standard diagnostic criteria. 10 Death was considered due to coronary heart disease if: (a) the participant died during the same hospitalization in which acute MI was the primary diagnosis; or (b) the participant experienced sudden coronary heart disease death defined as an unexpected, otherwise unexplained fatality within one hour of the onset of terminal symptoms.
Heart failure was defined as hospitalization for a clinical syndrome involving at least two of the following: paroxysmal nocturnal dyspnea, orthopnea, elevated jugular venous pressure, pulmonary rales, third heart sound, cardiomegaly on chest radiography, or pulmonary edema on chest radiograph. 11 These clinical signs and symptoms must have represented a clear change from the normal clinical state of the patient, and must have been accompanied by either failing cardiac output as determined by peripheral hypoperfusion (hypotension in the absence of other causes such as sepsis or dehydration) or peripheral or pulmonary edema. Supportive documentation of reduced cardiac index, rising pulmonary capillary wedge pressure, falling oxygen saturation and end-organ hypoperfusion, if available, were included in adjudication.
Each participant completed a detailed questionnaire that included age, sex, race, medical history, level of physical activity, current smoking, and level of alcohol consumption. Study personnel recorded all current medications and measured height, weight, and blood pressure. Medication categories were categorized using Epocrates Rx (San Mateo, CA). Left ventricular ejection fraction was measured quantitatively using the 2-D echocardiography biplane method of disks. 12, 13 We defined left ventricular hypertrophy as left ventricular mass index of >90 g/m2 based on the 2-D echocardiography truncated ellipse method. 14 A symptom-limited, graded exercise treadmill test was performed, and we used stress echocardiography to seek inducible ischemia, defined as the presence of cardiac wall motion abnormality at peak exercise that was not present at rest. A single cardiologist (N. B. S.), blinded to clinical and laboratory information, evaluated all of the echocardiograms. Total cholesterol, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were measured from fasting serum samples. Creatinine clearance was determined by 24-hour urine.
The goal of this study was to examine the association of pulmonary venous flow pattern with cardiovascular outcomes. Differences in participant characteristics by pattern of pulmonary venous flow were determined using analysis of variance for continuous variables and χ 2 tests for dichotomous variables. We used Cox proportional hazards models to evaluate the independent association of diastolic dominant pulmonary venous flow pattern with cardiovascular events after adjusting for all variables in Table 1 . For these analyses, we report hazard ratios (HR) with 95% confidence intervals (CI). Analyses were performed using Statistical Analysis Software (Version 9, SAS Institute Inc, Cary, NC).
RESULTS
Between September 2000 and December 2002, a total of 1024 participants were enrolled in the Heart and Soul Study. After exclusions, the analytic sample was 906 participants.
Systolic dominant pulmonary vein flow was present in 89% of the participants, and diastolic dominant in the remaining 11%. Participants with diastolic dominant pulmonary vein flow were more likely to have diabetes mellitus, lower left ventricular ejection fraction, inducible ischemia, beta-blocker therapy, and lower creatinine clearance. They were also more likely to have undergone coronary revascularization. (Table 1) During an average of 4.1±1.1 years of follow-up, participants with diastolic dominant pulmonary vein flow had a higher rate of hospitalization for heart failure (25% vs. 8%; p<0.0001), hospitalization for heart failure or death (36% vs. 18%; p<0.0001), cardiovascular death (9% vs. 4%; p=0.04), and all-cause death (28% vs. 15%; p=0.0007) than those with systolic dominant pulmonary vein flow. (Table 2 ).
After multivariable adjustment for baseline characteristics in Table 1 , diastolic dominant pulmonary vein flow pattern has almost a three-fold risk for hospitalization for heart failure (p=0.001) and a two-fold risk for hospitalization for heart failure or death (p=0.004). (Table  3 ) Diastolic dominant pulmonary vein flow pattern resulted in a statistically significant decrease in survival free of heart failure during follow-up. (Figure 2) 
DISCUSSION
We found that diastolic dominant pulmonary vein flow pattern is present in 11% of stable ambulatory participants with coronary heart disease and predicts heart failure hospitalization or death. Our results highlight the importance of obtaining pulmonary vein flow patterns in standard echocardiograms. Furthermore, because there are no consensus criteria for categorization of diastolic dysfunction and because Doppler patterns of diastolic functions may conflict, 11,15,16 pulmonary vein flow pattern provides a stand-alone measurement that identifies patients at risk for cardiovascular events. Additionally, pulmonary vein flow is obtained with high-yield (1001 out of 1024 participants), demonstrating robust clinical utility.
Pulmonary vein flow is systolic dominant in healthy adults and correlates with LV filling pressures. 1,3,4 Although some studies have shown that pulmonary vein flow pattern may not correlate with pulmonary artery wedge pressure in patients with normal LV ejection fraction, 6,7 our study suggest that pulmonary vein flow is predictive of cardiovascular events even after adjustment for LV ejection fraction. In addition, diastolic dominant pulmonary vein flow was predictive of outcomes even after adjusting for variables known to be associated with increased LV filling pressures, such as left atrial volume, LV mass, and NT-proBNP. Thus in our study population, diastolic dominant pulmonary vein flow pattern likely represents elevated LV filling pressure due to coronary artery disease and its comorbidities.
We believe that the unique features of this study include its large sample size, comprehensive measurement of potential confounding variables, and meticulous long-term follow-up. Nonetheless, limitations should be considered. First, our study excluded participants with arrhythmias and valvular disease. However, including these participants would likely improve the predictability of diastolic dominant pulmonary vein flow because these participants would probably have higher event rates. Second, other echocardiographic parameters of diastolic dysfunction such as Doppler tissue imaging for mitral annular velocity and Valsalva maneuver were not performed. However, the purpose of our study was to use pulmonary vein flow pattern as a simple, high-yield, stand-alone method to predict outcome. Finally, our study participants were primarily older men with stable coronary heart disease, and our results may be less applicable to other populations. Survival free of heart failure or death, according to pulmonary vein flow, adjusted for all variables in Table 1 (p=0.0002). Outcomes -number (proportion of column). 
